microoiganisms includes studies on the toxicity to fungi and yeasts (Bokorny, 1912; Perlman, 1948) as well as reports on the absorption of this element by cells of bacteria, yeasts, and fungi (Nickerson and Zerahn, 1949; Schade, 1949; Nevland et al., 1952; Abelson and Aldous, 1950) . We have isolated from a cobalt sensitive strain of Saccharoinyces cerevisiae a culture which will grow in media containing fifty times the quantity of cobalt inhibiting the parent organism and have compared the characteristics of the cobalt tolerant strain with those of the parent. Absorption of cobalt by this cobalt tolerant yeast has been studied as well as the value of this cobalt containing yeast as a precursor for biosynthesis of vitamin B12.
METHODS
Isolation of cobalt tolerant culture. A strain of S. cerevisiae selected from a cake of commercial grade baker's yeast was grown on a medium containing cornsteep liquor, 20 g; NH4112PO4, 1 g; beet molasses, 20 g; and distilled water to 1 liter. Twenty-five ml aliquots of this medium w-ere placed in 500 ml Erlenmeyer flasks, the flasks plugged with nonabsorbent cotton, and autoclaved at 123 C for 30 (Perlman and W1-agman, 1952) . Fermentation samlples were treated with acid before analysis to release absorbed vitamin B12 (McCormack et al., 1953) . Vitamin B12 activity was measured by the bioassay method described by Brownlee Growth of both the cobalt tolerant culture and the parent culture was inhibited by 1-hydroxy-2 (1H) pyridinethione (Shaw et al. 1950 ) and cycloheximide (Whiffen, 1948) . The minimal inhibitory concentration for both cultures was approximately 0.06 ppm of the 1-hydroxy-2 (1H) pyridinethione and approximately 10 ppm of cycloheximide when determined by the agar-dilution test. These inhibitory levels are approximately the same as observed by Pansy et al. (1953) for inhibition of S. cerevisiace by the pyridinethione and by Whiffen (1948) for cycloheximide.
Absorption of cobalt by the cobalt tolerant culture. When the cobalt tolerant yeast was grown on the cornsteep liquor-molasses basal medium supplemented with cobalt, substantial quantities of the cobalt present in the medium were fixed by the yeast. Some of the data collected in a study on the effect of cobalt concentration on the fixation of cobalt are summarized in table 1. As has been noted previously in studies with an asporogenous yeast, Torula utilis (Abelson and Aldous, 1950) , the quantity of cobalt fixed appears to be a function of a cobalt content of the medium up to nearly the toxic level. When the cobalt tolerant yeast was grown on the synthetic medium of Olson and Johnson (1949) supplemented with 300 ppm of cobalt, the yeast yield was 41 per cent of the weight of the glucose fermented, and the cobalt content of the yeast was 5.8 per cent. The yeast absorbed 80 per cent of the cobalt in the synthetic medium, which was slightly less than that absorbed by the culture grown on the cornsteep-molasses medium, but this difference was not considered to be signifi- was released by heating the cells in 5 N H2S04 at 100 C for 60 minutes. These studies show that the cobalt was bound firmly to the yeast cell constituents, as has been reported by Nickerson and Zerahn (1949) , and not loosely fixed as found with Proteus cells by Neyland et al. (1952) . Utilization of cobalt of cobalt containing yeast as precursor in biosynthesis of vitamin B12. The utilization of cobalt complexes in the biosynthesis of vitamin B12 by Streptomyces griseus has been discussed elsewhere (Hendlin and Ruger, 1950) . Aliquots of yeast containing 68 mg cobalt per gram were added to a soybean meal-glucose medium prior to autoclaving. It was found that the actinomycete utilized this form of cobalt for the biosynthesis of vitamin B12. When trace amounts of the cobalt containing yeast were added to the medium, the efficiency of conversion of the cobalt so added to vitamin B12 was often higher than obtained by addition of equal amounts of inorganic cobalt. Some of the data collected in this study are summarized in table 2. The cobalt containing yeast complex had no significant vitamin B12 activity at the levels added to the fermentation medium. When 0.05 ppm of cobalt [as Co(N03)2 .6H20] and 10 ppm of baker's yeast were added to the fermentation medium, the efficiency of conversion of the cobalt to vitamin B12 was no higher than that obtained when the inorganic cobalt was the sole supplement added. Apparently the cobalt complex present in the cobalt containing yeast was more available to the actinomycete for biosynthesis of vitamin B12 than was the cobalt present in the mixture of inorganic cobalt and baker's yeast.
SUMMARY
A cobalt tolerant culture of Saccharomyces cerevisiae has been selected from a strain of S. cerevisiae by growing the yeast in media containing progressively higher concentrations of inorganic cobalt. Cells containing as much as 9.9 per cent cobalt were obtained when the cobalt tolerant culture was grown in media containing 750 ppm of cobalt. No differences in morphology, ability to utilize carbohydrates, B vitamin requirements, or sensitivity to cycloheximide or 1-hydroxy-2 (1H) pyridinethione were found between the cobalt tolerant culture and the parent culture. The cobalt complex found in the cells of the cobalt tolerant yeast when grown on cobalt containing media was shown to be utilized more efficiently by Streptomyces griseus in the biosynthesis of vitamin B12 than was the cobalt of cobalt nitrate.
